Objective: To determine total physician encounters, emergency room (ER) visits and hospitalizations in an incident cohort of rheumatoid arthritis (RA) cases and matched control patients over 13 years.
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Rheumatoid arthritis (RA) is the most frequent chronic autoimmune inflammatory rheumatic diseases, with a higher frequency in women. Although it has the potential to affect any organ system in the body, the predominant manifestations are in the musculoskeletal system. This inflammatory arthropathy runs a variable and unpredictable course but usually leads to significant morbidity and premature mortality if left untreated. The clinical outcome for both mild and severe cases is improved by a prompt and accurate diagnosis, appropriate access to health care providers and institution of evidence based treatments.
Planning for the provision of future health resources required for the diagnosis and treatment of RA patients starts with an assessment of previous and current resource utilization. Different research methodologies have been used to address this, including case-control strategies in tertiary referral centers (1), observational cohorts (2, 3) and mining of population health administrative datasets (4) (5) (6) .
Resource utilization and associated costs have been examined in various geographic locations including the USA (1, 7), Canada (5, 8) and other countries (2, 9) . This is appropriate as findings are influenced by health care system delivery which is highly variable. Due to the rapid pace of reform of health care delivery and the chronicity of RA which extends over a patient's lifetime, it is necessary to periodically update utilization in representative geographic locations. As part of an overall evaluation of health care resource utilization by RA patients in our region we examined the clinical encounters with primary care and subspecialty physicians, emergency room visits and hospitalizations in RA and control patients over 13 years using a validated population health dataset.
Materials and Methods

Study populations and controls:
This was a retrospective cohort study of patients with a diagnosis of RA within the Nova Scotia Medical Services Insurance (MSI) program. Nova Scotia is a Canadian Case definitions for identification of RA cases and validation: The following 7 individual case definitions, 3 of which are based upon previously published work, were used to identify cases of RA in the administrative databases. We have previously validated these case definitions against a clinical dataset of RA patients and controls (10) . The diversity of the decision rules provides a range of sensitivity and specificity for case ascertainment, thus permitting a sensitivity analysis of health care utilization. room visits, number of hospitalizations, and diagnosing physician groups. Censorship of data was addressed by using patient year exposures which was defined by each individual's utilization or eligibility for utilization in number of years between their incident diagnosis or matching and the last contact with the health service (i.e. physician contact, emergency room visit and hospitalization).
Linear regression and negative binomial models at the aggregate data level were run to examine differences in utilization between cases and controls and utilization over time. Models were also adjusted for the interaction of index year of utilization and case/control group. The log of patient year exposure was used as the offset in negative binomial models. The relationship between individual comorbidities and case definition group was examined using the chi-square test for independence. The analysis was run separately for each case definition. Finally, multivariate models were run to investigate the relative effects of covariates on utilization measures. Age, sex, year of diagnosis, comorbidities and access to care as measured by rural residence were modeled. Rural was identified as having a residence postal code with a zero as the second character. All observations for each year were pooled with a dummy included to distinguish cases versus controls. This analysis was run for the combination case definition (#7) only.
Results
Patients and controls:
The number of RA cases identified in the administrative datasets and available for study over the 13 years of observation varied with the 7 case definitions used ( Table 1) .
As previously described (13) the definition with the greatest sensitivity was #1 (a single encounter with any physician) and the most specific definition was #5 (hospitalization for which RA was listed as one of the diagnostic codes). Using these two definitions the number of incident cases of RA varied from 3,497 to 27,694 and the number of prevalent cases varied from 15,328 to 81,866 over the period 10 of study. Cases had a comparable mean age and sex distribution regardless of the case definition for RA patients with the exception of patients identified through a hospital admission (case definition #5) (Table 1 ) who were older. There was no significant difference between RA cases and controls in the number of patient year exposures.
Physician consultations:
Starting from the index year (i.e. year of diagnosis of RA in this incident cohort) the number of physician encounters per patient per year for cases and controls over the duration of followup is illustrated in Figure 1 . RA cases were identified using the 7 case definitions for RA. Utilization reflects the combination of outpatient ambulatory assessments and inpatient consultations by family physicians, general internists, rheumatologists and other physician groups.
For all case definitions there was significantly higher utilization by RA cases compared to controls.
(p<0.001). In RA cases the utilization was highest in the index year and fell thereafter. There was a significant fall in utilization by RA cases over time (p<0.001) with all case definitions. For four RA case definitions the utilization curves dipped substantially during the last 3 years of observation. The same observation occurred for the matched control group which suggests that the cause was unrelated to RA.
The breakdown in physician encounters by specialty group and the change over time is illustrated in Figure 2 using RA case definition #7 (Combination). For all case definitions the utilization of all physician groups was significantly higher for RA cases than for their matched controls (P<0.01). This was apparent both at the initial encounter and over time. There was a significant fall in the utilization of all physician groups by RA cases over time (p<0.001) with all case definitions with the exception of utilization of other physician groups using case definition #1. Subspecialty encounters was highest early in the disease course and by the fourth assessment the frequency fell by 61% 11 (Rheumatologists), 34% (Internal medicine) and 14% (other physicians). In contrast, the frequency of visits to family physicians only fell by 9% over the same time and remained high for the duration of the study.
Emergency room visits:
Utilization of the emergency room by RA cases and controls is illustrated in Figure 3 . Regardless of which case definition for RA that was used, visits to the emergency room were significantly more frequent by RA cases (P<0.001) which was most apparent early in the disease. There was a significant fall in emergency visits by RA cases over time (p<0.01) with all case definitions.
Hospitalizations: Hospital admission rates in RA cases and controls are illustrated in Figure 4 . For RA cases, regardless of the definition, the hospital admission rate was significantly higher (P<0.001) compared to controls. This was especially true early in the disease course. There was a significant fall in hospitalizations for RA cases over time (p<0.001) with all case definitions with the exception of case definition #1 (encounter for RA with any physician). The spikes in hospital admissions seen among the cases most likely reflect random events among the relatively small numbers of patients, especially with some case definitions. Not surprisingly, patients identified through a hospital admission associated with RA (case definition #5) had a high admission rate over time and the data point for the admission rate at the first encounter was so high (8.17) that it negated the ability to discriminate other hospitalization curves and was not included in the graph.
Comparison of utilization rates between RA cases and controls:
In view of the similarity in patterns of utilization, regardless of the case definition, differences in utilization between RA cases and controls were derived for a representative case definition, namely #7 (Combination). Estimates of utilization by RA cases compared to controls are summarized in Table 2. 12 Co-morbidities: The proportions of RA patients and matched controls with selected co-morbidities over the period of study are summarized in Table 1 . Regardless of which RA case definition was used, all of the co-morbidities were more frequent in RA cases compared to their matched controls (p<0.0001) with the exception of coronary heart disease (p=0.346) and renal impairment (p=0.295) in RA case definition #3 (MacLean-like algorithm with Lacaille variation. For the same case definition the higher frequency of diabetes (p=0.004), lymphoma (p=0.020) in RA compared to controls reached a lower level of statistical significance. Within RA cases, patients identified through a hospital admission associated with RA (case definition #5) had a higher proportion with co-morbidities.
Multivariate analysis indicated that higher physician utilization was associated with female sex, older age, urban dwelling and all of the co-morbidities (p<0.0001) identified. There were similar associations for emergency room visits (p<0.0001) with the exception that these were more likely to occur for males. Hospitalization was associated with male sex, older age, urban dwelling and all of the co-morbidities identified (p<0.005) with the exception of cardiovascular disease, diabetes and mental health.
Discussion
Health care utilization and associated costs have been studied in RA and other chronic rheumatic diseases using different research methodologies. Most studies have involved secondary use of health administrative data on prevalent cohorts followed over short time frames (14). In our study we wished to examine the change in health care utilization in the total population of RA patients in our geographic area at the time of diagnosis and over the ensuing years and to compare it to that seen in 13 population controls. To this end we studied an incident cohort of RA patients followed for up to 13 years using health administrative data which was previously validated against a clinical dataset.
Studies of health care utilization have consistently found that it is higher in RA patients than in comparator groups of patients (3, 15) . Utilization may be influenced by a variety of factors, including medication costs, higher co-morbidities leading to increased hospitalization (7), and the type of health care delivery system. Previous studies have been cross-sectional, retrospective and longitudinal in design, using prevalent rather than incident RA cases. In the current study, utilization was assessed in the first year that the incident case occurred in the dataset which was taken as the year of diagnosis of RA. Subsequent utilization was tracked for up to 13 years. Seven case definitions for RA with a range of sensitivities and specificities were used in order to capture the full spectrum of RA.
The accuracy of these definitions and the identification of incident and prevalent cases of RA have been published in detail elsewhere (10) . Their use in this and future studies allows a form of sensitivity analyses for utilization and costs. The cases identified by each definition were matched by age and sex to 4 controls. The trends in health care utilization were remarkably consistent across case definitions. Regardless of the RA case definition, physician encounters were highest in the year of diagnosis, trending lower in subsequent years but always remained above that in matched controls. Although not proven it seems reasonable to assume that the gradual increase in utilization in the controls over time was most likely due to the change in health care needs with increasing age.
It is to be expected that multiple physician groups will be involved in the care of patients with RA given the systemic nature of the illness and the higher frequency of co-morbidities. Indeed, we recently reported a very similar pattern of health care utilization in patients with SLE (16) . In the 14 current study, physician encounters were categorized into those with family physicians, general internists, rheumatologists and others. Utilization of all 4 physician groups was substantially higher in RA cases compared to controls over the entire study. Encounters with family physicians, who are responsible for delivering primary care in the Canadian health care system, were the most frequent.
Subspecialty care was utilized most frequently early in the disease course, falling substantially over the next 3 years. In contrast, the frequency of encounters with family physicians changed relatively little over time. The interpretation and implications of these observations are two-fold. First, access to subspecialty care is most frequent and thus most critical around the time of diagnosis of RA and in the first few years of followup when the disease is being stabilized. Second, the utilization of family physicians remains high but relatively constant over the course of the illness which underlines the important role that family physicians play in the long-term management of RA patients. Given the need to prevent and treat co-morbidities, which were more frequent in RA patients compared to matched controls in our study, the strategic delivery of effective care will require ongoing coordination by rheumatologists and primary care physicians.
The frequency of admissions to hospital is an indicator of the clinical impact of a medical illness and has previously been demonstrated to be higher in patients with RA compared to controls (1). The current study confirms this observation, and well as demonstrating a higher frequency of hospital emergency room visits which is likely linked to hospital admission rates. Furthermore, there was a consistent change in the pattern of utilization over the 13 years of observation. Both services were accessed most frequently in the first year following the diagnosis of RA (index year), and declined thereafter to eventually reach the same frequency as in controls by the end of the study. Although this could reflect a survivor effect due to excess mortality in RA cases early in the disease course, a more likely explanation is that following the diagnosis of RA, appropriate treatment is initiated leading to improved disease control and reduced need to visit the emergency room or require admission to hospital.
There are a number of strengths to the current study. First, due to the Canada Health Act all patients accessed health care through a single provider, ensuring comprehensive data capture for all physician encounters, emergency room visits and hospitalizations. Second, the Nova Scotia population is stable with a mix of urban and rural communities and a range of socioeconomic groups and thus represents many of the features of a general Canadian population, albeit with the exception of a diversified racial/ethnic mix. Third, the use of 7 validated case definitions reduces the risk of bias that could arise from using a more limited strategy for identifying cases and controls.
There are also some limitations to the study. First, due to the homogenous nature of the Nova Scotia population it was not possible to examine the effect of race/ethnicity on health care utilization.
Second, athough the definition of incident cases was in agreement with traditional methodology in population health studies (5) it would not have excluded RA patients with longstanding disease who relocated to Nova Scotia during the period of study. Third, the cases were not stratified for disease activity or severity, in which utilization patterns may have been different. Fourth, although the presence and impact of several predefined co-morbidities were examined there are other potentially important co-morbidities (e.g. smoking) that were not available for inclusion in the analysis. Finally, comparative data on patients with other chronic disease in a population of similar age and sex was not available. Future studies will address these deficiencies and determine the economic costs of health care utilization in this cohort of RA patients. identify cases in administrative datasets. RA cases were matched one to four by age and gender to a control cohort of patients who were enrolled in the same datasets but without a diagnosis of RA or other connective tissue diseases. For patients identified through a hospital admission associated with RA (case definition #5) the data point for the admission rate at the first encounter was 8.17 and was not included in the graph.
